The authors compared cases of acquired immunodeficiency syndrome (AIDS) diagnosed in San Francisco, CaBfomia, during 1983-1984 with human immunodeficiency virus (HIV) antibody-negative neighborhood and cfinte controls, looking for risk factors for clinical AIDS. They also compared antibody-positive with antibody-negative neighborhood and dink; controls for risk factors for HIV infection. Odds ratios were 52.0 for AIDS and 7.8 for seropositivity for more than 100 sexual partners versus 0-5 partners when antibody-negative neighborhood controls were compared with cases and with antibody-positive neighborhood controls, respectively. Odds ratios were only 2.9 and 3.4 when antibody-negative clinic controls were compared with cases and with antibody-positive clinic controls, respectively. Odds ratios of 4.6-7.3 for rectal receptivity with most or all partners versus none or one partner were statistically significant, independent of the number of partners. Douching before sex was independently associated with odds ratios of 2.2-2.8. There was no evidence for oral-genital, oral-anal, or other sexual transmission of AIDS. In muravariate analysis, independent odds ratios of 2.4-6.0 for prior syphilis and 10.8-27.9 for prior giardiasis were statistically significant or marginally significant in all comparisons. There was a moderate association with nitrite use. No other drugs were consistently associated with clinical AIDS or HIV seropositivity. Odds ratios associated with AIDS and seropositivity were closely comparable except for number of partners. 
portions of cases in the major risk groups have remained approximately constant (3, 4) . In San Francisco, 1,800 reportable AIDS cases had been diagnosed by May 1986, 97 per cent of them in homosexual men (unpublished surveillance data, Public Health Department, San Francisco). This number represents nearly 4 per cent of the estimated number of homosexual and bisexual men resident in the city (5) .
A high proportion of homosexual men with AIDS present with Kaposi's sarcoma, either alone or in combination with Pneumocystis carinii pneumonia or other opportunistic infections (6) . Kaposi's sarcoma is rare in other groups at risk. Central nervous system lymphomas are also reported in homosexual men with AIDS, but the extent of this diagnosis in different risk groups is not clear (7) .
The rapid spread of AEDS among homosexual men suggested early that AIDS was caused by a sexually transmitted agent. The human immunodeficiency virus (HFV) (formerly human T-lymphotropic virus type III (HTLV-III) or lymphadenopathy-associated virus (LAV)), the retrovirus believed to cause AIDS, has been shown to be present in semen (8) , urine (9) , saliva (10) , and tears (11) . Among homosexual men, the virus is believed to be spread primarily by rectal intercourse. Whether HIV is also spread orally or through other sexual practices is not clear. The extent to which cofactors may predispose to HIV infection in general, or to clinical AIDS following infection, is also unclear.
Two case-control studies of AIDS in homosexual men have been reported-Marmor et al. (12) , comparing 20 homosexual men who had Kaposi's sarcoma with 40 matched homosexual controls, found associations between risk of Kaposi's sarcoma and number of sexual partners, rectal receptivity, and use of nitrites. Jaffe et al. (13) , comparing 50 AIDS patients with controls from sexually transmitted diseases clinics and private practices, found an association with numbers of partners, but not with rectal receptivity. They also found weak associations with fecal exposure, prior venereal diseases including enteric parasites, and rectal trauma.
Five studies have examined risk factors for infection in comparisons between men seropositive and those seronegative for antibody to HIV (14) (15) (16) (17) (18) . All reported receptive anal intercourse as the strongest independent risk factor for infection. Number of sexual partners is also consistently reported. Two studies found manual-rectal sex (fisting) to be a risk factor (14, 17) . One study describes risks associated with reported gonorrhea and hepatitis after adjustment for number of partners and rectal receptivity (17) .
Here, we report a case-control study of risk factors for AIDS and HIV seropositivity in which homosexual AIDS cases in San Francisco were compared with two groups of controls, randomly selected homosexual men chosen as neighborhood controls and homosexual men chosen as sexually transmitted diseases clinic controls. During the course of the study, antibody tests for HIV became available. We examined consenting controls for antibodies and found high proportions positive in both control groups. Since infected controls are clearly inappropriate in the primary comparison investigated here, we compared AIDS cases and their matched seronegative controls only. This comparison distinguishes men with clinical AIDS from men who have no antibodies. Any risk factors identified by this process may therefore be responsible for either acquisition of the virus or clinical illness following acquisition of the virus. In a second comparison, we examined differences between the seropositive and seronegative members of the two control groups. Risk factors from this comparison are risks for HIV infection only. Both comparisons were carried out separately for neighborhood controls and sexually transmitted diseases clinic controls. 
METHODS

Selection of cases
Selection of controls
Each case was matched with one randomly selected homosexual man picked as a neighborhood control and one homosexual man selected as a sexually transmitted diseases clinic control. Neighborhood controls were selected by a geographic search algorithm in a six-square-block area centered on the residence of a case, excluding the case's block and the block directly across from the case's residence. A control was sought by an interviewer walking in a specified pattern from a randomly assigned starting point. Eligible controls were required to have lived at the address for a minimum of one year. A neighborhood control match was found for 164 (88 per cent) of the 187 interviewed cases, and 135 consented to serologic study. Clinic controls were selected at the central sexually transmitted diseases clinic of the Department of Public Health. Clients were screened by a member of the project staff for a match with an interviewed case and for recent health symptoms. Clinic controls were matched by neighborhood of residence within 15 areas of San Francisco defined previously (5) . Clinic control matches were obtained for 163 (87 per cent) interviewed cases, and 137 consented to serologic study.
All controls were matched to cases by age (±2 years) and race. Neighborhood of residence was controlled because both AIDS diagnosis type and the demographics of AIDS patients vary by area of San Francisco (5). Sexual preference was defined by use of the Kinsey scale of homosexual behavior (20) . Controls were excluded if they reported shingles or thrush; persistent, extrainguinal swollen glands in the past three years; or any two of the following: persistent, unexplained fever; night sweats; shortness of breath; or unplanned weight loss of 4.5 kg (10 lb) or more.
Subjects were interviewed by trained project interviewers. For cases, questions concerning sexual behavior and drug use focused on a "study year" defined as the year preceding onset of first AIDS-associated symptoms. Each control was questioned about the same year as was his matched case. For most cases and controls, the study year period fell between January 1982 and December 1983.
Serology
Sera from consenting controls were tested for antibodies to the lymphadenopathy-associated virus (LAV) of BarreSinoussi et al. (21) and for antibodies to the human T-lymphotropic virus type III (HTLV-III) of Gallo et al. (22) by the enzyme-linked immunosorbent assay (ELISA). All samples positive on ELISA were confirmed by the Western blot method and by immunofluorescence, as previously described (23) . There were no discrepancies between the two confirmatory methods. All subjects positive for LAV were also HTLV-III-positive. Of the recruited controls, 83 per cent consented to antibody testing.
Case-control and control-control comparisons The case-control comparison made here was restricted to antibody-negative controls. Since cases and controls were matched, these comparisons are on the subset of cases matched to antibody-negative neighborhood controls and on the subset of cases matched to antibody-negative clinic controls. A total of 101 cases were matched to at least one antibody-negative control.
In the second set of comparisons, we compared antibody-positive neighborhood controls with antibody-negative neighborhood controls, and antibody-positive clinic controls with antibody-negative clinic controls. These unmatched comparisons do not control for any demographic or lifestyle factors that are associated with age, race, or area. Since antibody positivity is not a rare event, odds ratios estimated in these comparisons cannot be assumed to approximate relative risks.
RESULTS
Serology
Of 135 consenting neighborhood controls, 56 (41 per cent) were found to be antibody-positive as were 96 (70 per cent) of 137 consenting clinic controls, by immunofluorescence and the Western blot method. Thus, in comparisons of cases with controls, 79 AIDS cases were compared with their matched antibody-negative neighborhood controls, and 41 cases were compared with their matched antibodynegative clinic controls.
In the second comparison, we compared 56 antibody-positive with 79 antibody-negative neighborhood controls and 96 antibody-positive with 41 antibody-negative clinic controls. This comparison was not matched.
The two sets of antibody-negative controls were dissimilar. Antibody-negative clinic controls reported more sexual partners per lifetime (1,500 vs. 800) and per year (89 vs. 31) than did antibody-negative neighborhood controls; they also reported more prior syphilis (49 per cent vs. 29 per cent), gonorrhea (85 per cent vs. 70 per cent), and other venereal diseases and were rectally receptive with a higher proportion of partners.
Number of sexual partners
When cases were compared with antibody-negative neighborhood controls, the odds ratio associated with number of partners rose monotonically to 52.0 for 100 or more partners versus 0-5 partners (table  1) . When cases were compared with the more sexually active clinic controls, the odds ratio was elevated only with more than 40 partners, and the gradient was not monotonic, falling from 6.8 with 41-100 partners to 2.9 with more than 100 partners. Many clinic controls with high numbers of partners appeared to be seronegative.
When we compared antibody-positive and antibody-negative neighborhood controls, the odds ratio rose to 7.8 with more than 100 partners. When we compared antibody-positive and antibody-negative clinic controls, the increase in the odds ratio was not monotonic, and the odds ratio fell in the most sexually active group (table  1) .
Sexual activities
Respondents were scored on a scale of 1-6 for the proportion of partners with whom they performed different activities, first as "insertive" partner, then as "receptive" partner. (Scoring: 1 = with no partners, 2 = with one, 3 = with a few, 4 = with some, 5 = with most, 6 = with all partners.) Correlations between insertive and receptive scores were high because respondents generally performed both versions of each practice with about the same proportion of partners (table 2) . Thus, any risk associated with a receptive activity was also likely to be associated with the corresponding insertive activity. The exception was rectal sex, where the correlations were low. For those sexual activities that more than 10 neighborhood controls ever performed (kissing, oral sex, rectal sex, swallowing semen), we calculated the odds ratio for performing the activity with "none, one, or a few" partners versus performing it with "some, most, or all" partners, controlling for number of partners (table 3) . The only statistically significant odds ratios were for rectal receptive sex, in all comparisons, and for rectal insertive sex, in one comparison. Odds ratios were greater when cases were compared with neighborhood controls.
For rarer activities, performed by 10 or fewer controls, and for rectal douching (asked as "rectal douching or enema before sex"), we calculated the odds ratio between those who ever performed the activity and those who never performed it. There were significant odds ratios associated with douching, with manual-rectal sex (neighborhood controls only), and with dildo use. Both receptive and insertive exposures were risky, probably because in these cases the two are highly correlated (table 2) . Comparable results were obtained in the case-control and control-control comparisons.
Next, we divided exposure for rectal and oral sex into three levels: with no partners or one partner, with few or some partners, and with all or most partners. We found gradients of risk associated with rectal receptivity in all comparisons (table 4). There were no corresponding gradients for oral receptivity or swallowing semen. (There was a gradient of risk associated with oral receptivity for antibody-positive versus antibody-negative neighborhood controls, but it was not statistically significant and was not seen in clinic controls. There was a significant odds ratio associated with swallowing semen with some partners in the same comparison, but there was no gradient.) 
V -
Other exposures Other potential risk factors were examined in trivariate analyses. We examined each potential risk factor by including it in a trivariate logistic regression with number of sexual partners and rectal receptivity, obtaining an estimated odds ratio controlled for the two major risk factors. We examined 1) parasitic disease exposure, including treatment with metronidazole (Flagyl, Searle Pharmaceuticals, Inc., Chicago, IL), and other sexually transmitted diseases; 2) intravenous and other recreational drug use; and 3) sexual activities with significant odds ratios (see table 3 ).
Sexually transmitted diseases. We found strong associations with prior parasitic disease. Odds ratios for amebiasis, giardiasis, and treatment with metronidazole were consistently elevated and statistically significant or marginally significant in three of four comparisons (table 5) . The largest and most consistently elevated odds ratios (5.8-15.7) were for prior history of giardiasis.
There were consistent associations with repeated gonorrhea (odds ratios 1.9-5.9) and with syphilis (odds ratios 2.1-3.2), each statistically significant or marginally significant in three of four comparisons. There were odds ratios of 3.0 (p = 0.02) and 4.7 (p = 0.02) associated with any reported hepatitis in the case-control comparisons only.
Drug use. We found statistically significant associations with drug use in the control-control comparisons only, primarily among clinic controls. There was an odds ratio of 4.2 (p = 0.01) associated with intravenous drug use in antibody-positive versus antibody-negative clinic controls only, but the odds ratio decreased to 1.1 with monthly use. Marijuana use showed a similar pattern. There was an odds ratio of 3.9 (p = 0.01) associated with total drug use as measured by number of uses per year. Only nitrite use, measured by amount used on any particular occasion (hits (inhalations) per night), showed an odds ratio increasing with amount of use. Only the association with total drug use was significant in the comparison of antibody-positive versus antibody-negative neighborhood controls. There were no statistically significant associations with drug use in the case-control comparisons. There were infinite odds ratios for use of methylene diamphetamine more than once per week in all four comparisons, but no odds ratio was statistically significant. Sexual activities. There were odds ratios of 2.0-4.3 associated with douching before sex; these were statistically significant in three of four comparisons. There were odds ratios of 3.0 (p = 0.02) and 5.0 (p = 0.003) associated with manual-rectal sex when antibody-negative neighborhood controls were compared with cases and with antibody-positive neighborhood controls, respectively.
In summary, the largest odds ratios and most consistent associations were with prior parasitic and other sexually transmitted diseases and with douching before sex. The associations with drug use were inconsistent; generally, the odds ratios did not appear to increase with increasing use. The most consistently elevated odds ratios for drug use were for ever using marijuana in the study year. Of the antibody-positive clinic controls, 95 per cent used marijuana in the study year compared with 81 per cent of the antibody-negative controls, and 86 per cent of the antibody-positive neighborhood controls used marijuana compared with 79 per cent of the antibody-negative controls. Of the antibody-positive clinic controls, 33 per cent had ever used intravenous drugs compared with 12 per cent of the antibody-negative clinic controls.
In other comparisons (odds ratios not shown), we found no risk for a history of recent medical occupation, Italian or Eastern European ancestry, smoking, or alcohol consumption. There was no protective effect observed from habits of sexual hygiene, such as washing shortly after sex. Too few subjects had used condoms even occasionally for us to detect any protective effect.
When we examined actual numbers of cases and antibody-positive and antibodynegative controls who reported different sexually transmitted diseases, it appeared that the high odds ratios for giardiasis represented a very low frequency of occurrence in antibody-negative controls (table 6) . Amebiasis and treatment with metronidazole were more common in all groups. In general, both parasitic diseases and syphilis and gonorrhea were about twice as frequent in cases and antibody-positive controls as in antibody-negative controls (table 6) .
Giardiasis was reported more frequently in cases than in antibody-positive controls, suggesting either a cofactor effect or a possible overdiagnosis during the prodromal state. Other exposures were about equally frequent in cases and antibody-positive controls. We attempted to confirm parasitic disease exposures from official sources but could not because reporting is incomplete. To examine the accuracy of syphilis and hepatitis reporting, we compared selfreport and serologic data in controls. There was a greater than 90 per cent agreement between self-report of syphilis and presence of antibodies to Treponema pallidum by microhemagglutination. Self-reported hepatitis A and B were not comparably accurate; relatively high proportions of seropositive subjects reported no exposure.
Multivariate analysis
Finally, we examined the risk factors simultaneously in a stepwise logistic regression analysis. To obtain sufficient numbers to examine all exposures at once, we pooled all antibody-positive and antibody-negative controls from the two control groups and built a multivariate model comparing 157 antibody-positive with 116 antibody-negative controls. Because the neighborhood and clinic controls were known to differ, control group was added as a variable. All the exposures of table 5 were entered in the stepwise procedure. In addition, composite variables measuring any history of parasites or use of metronidazole and any form of amphetamine use were entered. Number of sexual partners and rectal receptive intercourse were entered as one stratified variable measuring number of partners with whom rectally receptive.
Number of partners with whom rectally receptive was picked first by the stepwise procedure and showed odds ratios increasing from 2.3 for one to three partners (vs. zero) to 19.8 for 40 or more partners. Next, the model picked, sequentially, douching before sex (odds ratio = 2.3), history of syphilis (odds ratio = 3.7), history of giardiasis (odds ratio = 15.5), and a stratified variable measuring frequency of nitrite use per month (odds ratio = 11.9 for more than 65 uses) (table 7) . The group variable was not picked, suggesting that most of the difference between control groups was accounted for by the variables selected. The stepwise model was then run separately for all four individual comparisons. After accounting for risk associated with number of rectal receptive partners, the four variables selected by the overall model had elevated and strikingly consistent odds ratios in the four individual comparisons (table 7) . The adjusted odds ratios associated with syphilis and giardiasis were statistically significant in three of four comparisons. Nitrite use, although not uniformly significant, showed consistent gradients in all comparisons. Thus, rectal douching, giardiasis exposure, syphilis exposure, and perhaps nitrite use appear to be associated with independent increased risks in addition to those associated with number of partners and rectal receptivity. 
DISCUSSION
In the current study, we examined AIDS risk factors in two separate comparisons, each against two control groups. First, we compared AIDS cases with antibody-negative neighborhood and clinic controls. Next, we compared antibody-positive neighborhood controls with antibody-negative neighborhood controls, and antibodypositive clinic controls with antibody-negative clinic controls. In assessing the results, one should bear in mind that casecontrol comparisons may be biased by the fact of diagnosis: AIDS was generally believed to be a sexually transmitted disease at time of study, so that sexually transmitted diseases and other exposures may have been overdiagnosed during the prodrome or exaggerated in reporting. On the other hand, the case-control comparison is matched and may control for confounding factors.
AIDS risk was strongly associated with number of sexual partners, doubling with every 20-30 partners when cases were compared with antibody-negative neighborhood controls. Risk of seropositivity doubled with every 30-40 partners when antibody-positive and antibody-negative neighborhood controls were compared. When comparisons were made with the more sexually active clinic controls, there was no progressive increase in risk, and odds ratios fell in the highest partner category in both case-control and control-control comparisons. A relatively high proportion of seronegative clinic controls were in the most sexually active group (table 1) , perhaps as a result of resistance to infection. The process of choosing seronegative sexually transmitted diseases clinic controls with large numbers of partners would select for such an immune population.
Rectal receptivity was clearly the primary sexual behavior leading to the transmission of HIV. Men rectally receptive with most or all their partners were at a four-to sevenfold risk compared with those receptive with none or one partner, independent of the number of partners, in all comparisons (table 4) . In addition, douching before sex, manual-rectal sex, and use of dildos had two-to threefold additional risks. These practices appear likely to cause trauma to the rectal mucosa, and may also spread infection from contaminated equipment. Douching was the commonest of these practices and was the one selected in multivariate analysis. A risk associated with douching has been reported in studies of the sexual transmission of hepatitis B (24) and in one study of risk factors for HIV infection (25) . Risks associated with sexual practices were closely comparable in the case-control and control-control comparisons.
There was no consistent evidence in the current study for oral-genital, oral-anal, or other sexual transmission of HFV. This study cannot rule out such transmission, but it suggests that the risk associated with nonrectal transmission must be of far lower magnitude than that associated with rectal sex.
Other exposures associated with risk, independent of sexual practice and number of partners, were prior parasitic and other sexually transmitted diseases. The most consistently elevated odds ratios were for parasitic diseases and treatment with metronidazole. In a multivariate analysis, giardiasis and syphilis exposure were most highly associated with risk. The risks associated with giardiasis and syphilis were independent and were comparable in the case-control and control-control comparisons, so that these were risk factors for acquiring the virus rather than cofactors for clinical disease following infection.
No drugs were consistently associated with risk except possibly nitrites (poppers). Nitrite use may increase tolerance to rectal abrasions, or it may facilitate infection through its vasodilator effect (26) . Nitrite use has also been associated with a transient immunosuppression which may weaken the normal defenses against infection, and it may be a risk factor for Kaposi's sarcoma specifically rather than for oppor-tunistic infections (27) (28) (29) . Once again, the risk associated with nitrite use was comparable in case-control and control-control comparisons.
Only number of sexual partners and reported hepatitis exposure had greater odds ratios in the case-control than in the control-control comparisons and were thus potential cofactors for clinical disease following infection. Self-reported hepatitis exposure is unreliable, however. Number of partners may function as a cofactor through increased exposure to sexually transmitted diseases.
There are several alternative explanations for the association of nitrite exposure and history of sexually transmitted diseases. Like nitrite exposure, exposure to venereal infections such as giardiasis and syphilis may produce temporary immunosuppression, which may lead to easier infection. Alternatively, sexually transmitted disease exposure may activate macrophages or lymphocytes bearing the 0KT4 phenotype, the target cells for HIV infection. An association between Giardia lamblia infection and immunosuppression in homosexual men has been reported in Finland, and the immunosuppression appeared to predispose to infection by HIV (30) . Infection was also more common in previously immunocompromised subjects in a study of Scottish hemophiliacs (31) . An alternative explanation is that repeated sexually transmitted disease infection may reflect membership in a sexually active subculture which was infected early with HIV. The current study suggests that such a subculture might be defined by its engaging in extensive and traumatic rectal sex, accompanied by the use of nitrites.
This study also suggests that the potential immunosuppressive effects of other sexually transmitted diseases such as giardiasis and syphilis may be of interest in establishing the pathology of HIV infection and that drug exposures, except possibly nitrite use, are not of primary importance in the spread of AIDS in homosexual men. No strong predictors for clinical disease were found which are not also risk factors for infection. Finally, this study confirms the importance of "safe-sex" guidelines for homosexual men, advising restriction of the number of sexual partners and avoidance of unprotected rectal sex.
